This study was conducted to determine the effects of dietary level of whole flaxseed (WFS; 0, 10 and 15%) on performance, carcass characteristics and fatty acid composition of serum and subcutaneous, perirenal, and intramuscular adipose tissues of Korean Hanwoo cattle. The daily gains were not different among treatments. Dietary inclusion of WFS decreased (p<0.05) feed intake but improved (p<0.05) feed conversion ratio (feed/gain). Backfat thickness and marbling score were increased (p<0.05) by dietary WFS. Carcass weight, dressing percentage, loin-eye area, and carcass yield and quality were not different among treatments. The proportion of C18:3 in serum and, to a lesser extent, in adipose tissues were increased (p<0.01) by dietary WFS, indicating that lipids from WFS escaped ruminal biohydrogenation. Animals fed WFS had lower proportions of saturated fatty acid (SFA; C14:0 and 16:0) and higher proportions of polyunsaturated fatty acids (PUFA; C18:2. 18:3, 20:2, 20:4, 20:5 and 22:6) in perirenal and intramuscular fat than animals fed diets without WFS, resulting in an increased PUFA/SFA ratio. Furthermore, feeding WFS increased (p<0.01) proportions of ω-3 and ω-6 fatty acids in intramuscular fat but decreased (p<0.05) the ω-6/ω-3 ratio. Relative treatment effects were similar between 10 and 15% WFS. Feeding WFS can effectively alter composition of adipose tissues with enhanced feed conversion ratio.
INTRODUCTION
Recently, consumption of animal products containing low levels of saturated fats has been recommended because of a possible link between some saturated fatty acids (SFA) and cardiovascular diseases. As a result, attention has been directed towards producing animal products containing high levels of unsaturated fatty acids (UFA). However, it is more difficult to produce animal products with increased levels of UFA in ruminants than in non-ruminants because of biohydrogenation of dietary UFA by ruminal microorganisms. One approach altering fatty acid composition is to feed whole oilseeds that are naturally protected from the ruminal biohydrogenation by the seed coat. In fact, feeding whole oilseeds has been shown to prevent or lessen the adverse metabolic consequences of high-fat diets (White et al., 1987; Petit, 2002) , and also improve the efficiency of energy utilization (Rule et al., 1989) .
Physical characteristics of whole flaxseed (WFS), which are small, flat and oval-shaped (approximately 2×5 mm), may provide a means avoiding extensive mastication and ruminal biohydrogenation. Moreover, WFS is an excellent source of C18:3 which can be desaturated to other polyunsaturated fatty acids (PUFA). Previous studies demonstrated that feeding WFS to Hanwoo bulls and cows results in positive responses in animal performance (Kim et al., 2004a) and fatty acid composition of serum and adipose tissues (Kim et al., 2004b) . However, similar feeding strategy has not been evaluated with Hanwoo steers. Therefore, the objective of this study was to investigate effects of dietary WFS on performance, carcass characteristics and fatty acid composition of Hanwoo steers.
MATERIALS AND METHODS

Animals, treatments and management
Twenty-one Hanwoo steers (mean initial weight 497 kg±12, approximately 23 mo of age) were randomly assigned to one of three dietary treatments: i) WFS 0% (control), ii) WFS 10% and iii) WFS 15%. The control diet used flaxseed meal as a protein source to more clearly evaluate the effect of the flaxseed oil. Animals were housed by treatment group in three 4.3 m×7.4 m pens (7 steers/pen) with concrete floor in an enclosed barn. Diets containing equal levels of protein and Ca were fed for 120 days. All animals had ad libitum access to concentrates for the entire experimental period, whereas roughage (rice straw) intake was kept constant at 1.0 kg/animal/d. Animals were gradually adapted to their diets for the first 10 days and were fed twice daily (08:00 and 17:00) in equal portion. Steers had free access to water throughout the experiment.
Sample collection and measurement
Initial and final weights were the averages of two consecutive early-morning weights. Amount of feed offered were recorded and feed refusal was weighed by 2 wk interval to determine daily intake and feed/gain ratio. Representative samples of the experimental diets were collected weekly, composited at the end of experiment, dried and ground through a 1-mm screen with a Willey mill (Thomas Scientific, Model4, NJ, USA) for analyses. Jugular blood was obtained by venipuncture from the animals at 1 d before slaughtering, centrifuged at 2,200 ×g for 15 min to obtain serum, and stored at -20°C for analyses of cholesterol and fatty acid composition.
All animals were slaughtered at a commercial slaughterhouse. Immediately after postexsanguination, samples for analysis of fatty acid composition were taken from three adipose tissues. Samples of subcutaneous fat and longissimus muscle for intramuscular fat were taken from the 13th rib of the left side. The subcutaneous fat depot was separated at the natural seam between the two layers of fat. Perirenal fat was taken from the anterior portion of the kidney knob. Samples were vacuum-packaged in small plastic bags and transported to the laboratory on ice. Within approximately 2 h, the samples were stored at -20°C until analyzed.
Carcass measurements were obtained after chilling for 24 h at 2°C. Carcass yield and quality were determined at the 13th rib section from the left side of each carcass and graded by meat graders using the criteria provided by the Korean carcass grading system (NLCF, 1999) . Carcass yield index (YI) was calculated from the following equation as described by the grading system: YI = 65.834-(0.393×backfat thickness, mm) +(0.088×longissimus muscle area, cm 2 ) -(0.008×carcass wt., kg) A score of carcass yield A represents "high (YI over 69.0)", a B "medium (YI between 66.0 and 69.0)" and a C "low (YI under 66.0)". Carcass quality (1 = high, 2 = medium, 3 = low) was determined by the following factors: i) marbling score (1 = devoid, 7 = very abundant marbling);
ii) meat color (1 = very light cherry red, 7 = very dark red);
iii) fat color (1 = white, 7 = bright lemon yellow); iv) texture (1 = good, 3 = bad); v) maturity (1 = youthful, 3 = mature).
Chemical analyses
Concentrates, rice straw, and WFS were analyzed for moisture, crude protein (CP), ether extract, and ash according to AOAC (AOAC, 1990) . Concentration of ash free neutral detergent fiber (aNDFom) was determined with a heat stable amylase and sodium sulphite according to methods of Van Soest et al. (1991) , and level of ash free acid detergent fiber (ADFom) was determined according to procedure 973.18 of AOAC (1990) . Nutrient composition of concentrates is presented in Table 1 ; composition of WFS and rice straw is shown in Table 2 .
A homogenization and the Folch et al. (1957) procedure were employed to extract lipids from WFS and adipose tissue samples. Samples were homogenized three times in a 2:1 chloroform:methanol (vol/vol) mixture. Fatty acid composition in tissue lipid and serum was determined using GLC (HP5890A, Hewlett Packard Co., PA., USA) on a 30 m×0.25 mm Supelco Model SP 2330 (Supelco, Bellefonte, PA, USA) column. Initial temperature of the column was maintained at 150°C for 8 min, followed by an increase of 3°C/min to a final temperature of 195°C. The detector and injection port temperatures were held at 250°C and 200°C, respectively. Total cholesterol concentration in serum was measured using an ELISA commercial kit (Wako T-Cho E test; Wako Pure Chemical Co. Ltd., Osaka, Japan). Fatty acid composition of WFS is shown in Table 3 .
Calculations and statistical analysis
Fatty acid data were summed by the class of fatty acid to obtain total SFA, UFA, monounsaturated (MUFA), and PUFA, and the ratios between SFA and the remaining classes of fatty acids were calculated. The differences in proportions of UFA, ω-3, and ω-6 fatty acids among adipose tissues were also evaluated. With the exception of the metabolically important ω-3 and ω-6 fatty acids, fatty acid percentages less than 1% are, in most case, not reported, although all fatty acid percentages are included in totals of each class of fatty acids.
Data obtained from the experiment were analyzed by General Linear Models procedure of the SAS (2002; version 9.1) according to the following statistical model: Y ij = μ+P i +T j +e ij where P and T are pen and treatment effects, respectively. Differences among means were determined by Duncan's multiple range test (Duncan, 1955) when F values were significant (p<0.05 or p<0.01).
RESULTS AND DISCUSSIONS
Performance
Body weights, daily weight gain, feed intake and feed/gain ratio of Hanwoo steers fed diets containing 0, 10 or 15% WFS are presented in Table 4 . Initial and final body weights, and daily gains were not different among treatments. Daily feed intake was decreased (p<0.05) with dietary inclusion of WFS, but no effect of level of WFS was observed. Feed conversion ratio (feed/gain) was also improved (p<0.05) by dietary WFS without level effect. Although 73 and 96% of more fat was supplied by WFS in WFS 10 and 15% diets, respectively, than in the control diet (Table 1) , no different daily gain between treatments is probably due to decreased feed intakes. Thus, increased lipid in diet was not effect on animal performance. Fat addition to ruminant diets is known to interfere with fiber digestion and microbial populations in the rumen. As a result, feed intake of cattle fed diets containing high level of fat (8-10%) can be reduced (Bartle et al., 1994; Ramirez and Zinn, 2000; Felton and Kerley, 2004) . However, additional fat derived from whole oilseeds had no negative effects on feed intake. Huerta-Leidenz et al. (1991) showed that dietary whole cottonseed level of 15 or 30% (3.3 and 6.6% additional fat) did not influence feed intake of steers. Similarly, feeding 10% (Petit, 2002) and up to 15% (Kenelly and Khorasani, 1992) of the total DM as whole flaxseed had no negative effect on DM intake by dairy cows. This implies that whole oilseeds result in slower release of the oil in the rumen and, thereby, minimize potential adverse effect of fat on feed intake. Thus, it is unlikely that fat concentrations of 4.38 and 4.96%, in WFS 10 and 15%, respectively, caused the reduced feed intake in the present study. Feed conversion ratio was improved by inclusion of WFS due to decreased feed intake.
Carcass characteristics
Carcass yield and quality of Hanwoo steers fed diets containing 0, 10 or 15% WFS are shown in Table 5 . Carcass weight, dressing percentage, loin-eye area and yield grade were not affected by the diet. Backfat thickness was increased by WFS (p<0.05) with no difference between 10 and 15% WFS. This result would be expected because feeding fat generally increases backfat thickness (Garrett et al., 1976; Bock et al., 1991; Lee et al., 2003) . However, high-fat diets have not always increased backfat thickness. Kim et al. (2004a) previously reported that backfat thickness for Hanwoo bulls was decreased by 10 or 15% WFS addition, and that for cows tended to be decreased by WFS diet with increasing level of WFS. Other studies have also reported that supplemental fat has no effect (Brandt and Anderson, 1990; Maddock et al., 2006; Wang et al., 2006) on backfat thickness. This discrepancy may be attributed to difference in energy intake because backfat thickness is more related to energy intake than dietary energy concentration (Solomon et al., 1992) .
Although meat color, fat color, firmness, maturity and quality grade were unaffected by treatment, dietary WFS increased (p<0.05) marbling score with no difference between levels. Considering that intakes were reduced by dietary WFS along with improved feed conversion ratio, this result shows that additional fat from WFS would have more efficiently been deposited in adipose tissues, especially in intramuscular fat, the most important fat depot in beef for human consumption. In the earlier study (Kim et al., 2004a) , marbling score of Hanwoo bulls tended to increase as dietary level of WFS increased while that of cows tended to decrease. This may imply that fat derived from WFS is deposited in a different way between bulls and cows; the fat would have been deposited in intramuscular fat for bulls and subcutaneous and (or) internal depots (kidney, pelvic and heart) for cows.
Serum fatty acid composition
Fatty acid profiles and cholesterol concentration in serum of Hanwoo steers fed diets containing 0, 10 or 15% WFS are show in Table 6 . Dietary WFS level elicited substantial changes in fatty acid composition of serum. Dietary WFS reduced proportions of SFA (C14:0, 16:0 and 18:0) and MUFA (C14:1 and 18:1) but increased proportions of PUFA (C18:2, 18:3, 20:2, and 20:4) except for C20:3. The higher proportion of PUFA with dietary WFS, particularly for C18:2 and 18:3 probably reflect increased absorption of these fatty acids from WFS. This would suggest that the natural protection of WFS encapsulated in the hard seed coat was adequate to prevent an extensive release of oil and thus biohydrogenation of PUFA in the rumen. Kim et al. (2004b) also reported that feeding WFS resulted in similar changes in fatty acid profiles of Hanwoo bulls and cows. Similarly, other studies have reported that dietary WFS decreased C18:1 but increased C18:2 and 18:3 in blood of dairy cattle (Goodridge et al., 2001; Petit, 2002) .
Compared to the previous study by Kim et al. (2004b) , the proportion of C18:2 in the serums of Hanwoo steers were substantially greater than those of Hanwoo bulls and The concentration of serum cholesterol was increased (p<0.05) with increasing level of WFS. Supplementation of fat with various forms is known to increase blood cholesterol in lambs (Solomon et al., 1992) , goats (Hirano et al., 2003) , dairy cows (Garcia-Bojalil et al., 1998; Chen et al., 2002; Petit, 2002) , and fattening cattle Kim et al., 2004b ). The present result shows that feeding WFS effectively provided intestinal-digestible fat.
Subcutaneous fatty acid composition
Compositional changes of fatty acids in subcutaneous fat of Hanwoo steers fed diets containing 0, 10 or 15% WFS are presented in Table 7 . The three major fatty acids in subcutaneous fat were C18:1, 16:0 and 16:1 and their combined proportion was 82%, regardless of dietary treatments. The 15% WFS group had a lower proportion of C16:0 and a higher proportion of C16:1 (p<0.05) than others. Dietary WFS increased (p<0.01) the proportion of C18:3 (ω-3 and ω-6), 20:2 and 20:4 with no difference between 10 and 15% WFS. The proportion of C20:5 was increased (p<0.05) with increasing level of WFS. Similar changes in the proportion of these fatty acids were observed in Charolais steers fed 21% WFS (Scollan et al., 2001 ) and in Charolais heifers fed 15% flaxseed oil (Noci et al., 2007) .
No differences were detected in the proportion of SFA, MUFA and PUFA. However, significant increase (p<0.01) in the proportion of ω-3 PUFA was observed for the steers fed WFS, regardless of the level. As a consequence, the ω-6/ω-3 ratio was decreased (p<0.05) by feeding WFS. Both UFA/SFA and MUFA/SFA ratios were increased (p<0.05) by 15% WFS. Overall, the treatment effect on subcutaneous fat was relatively small in steers compared to that in bulls and cows in the previous study (Kim et al., 2004b) .
Perirenal fatty acid composition
Fatty acid composition in perirenal fat of Hanwoo steers fed diets containing 0, 10 or 15% WFS is shown in Table 8 . As observed in serum, proportions of SFA in perirenal fat were reduced (p<0.05 or 0.01) by dietary inclusion of WFS while those of C16:1, 18:1, 18:2, 18:3, 20:2 and 22:6 were increased (p<0.05 or 0.01); but no difference was detected between 10 and 15% WFS, except for C16:1. The proportion of UFA and the UFA/SFA ratio were increased (p<0.05) by feeding WFS, regardless of level of WFS. The higher proportion of UFA seems to be equally attributed to both MUFA and PUFA.
A higher proportion of ω-3 PUFA was observed (p<0.01) with 15% WFS only, whereas the proportion of ω-6 PUFA was increased (p<0.01) by both 10 and 15% WFS without the level effect. These results led to increased (p<0.01) ω-6/ω-3 ratio of dietary WFS treatments. Considering the fact that C18:3 is the major precursor of other ω-3 fatty acids and proportions of these ω-3 fatty acids were very low in perirenal fat, tissues from perirenal fat may not have had enough substrates and (or) enzymes for desaturation and elongation due to characteristics of internal fat depots.
The proportion of UFA was numerically lower in perirenal than in subcutaneous fat, whereas the reverse was also true for SFA. Most notable changes are increased proportion of C18:0 and proportions of C16:1 and 18:1 in perirenal fat compared to those in subcutaneous fat. These results agree with the observation that triglycerides from internal fat depots have a lower proportion of UFA compared to that from external fat depots, attributable to higher body temperature (Clemens et al., 1974) and lower desaturase activity (Chang et al., 1992) of internal adipose tissue.
Intramuscular fatty acid composition
Fatty acid composition in intramuscular fat of Hanwoo steers fed diets containing 0, 10 or 15% WFS is presented in Table 9 . Similar changes in proportions of SFA and UFA in subcutaneous fat also occurred in intramuscular fat. Dietary WFS, regardless the level of WFS, decreased (p<0.05 or 0.01) the proportions of SFA (C14:0 and C16:0) while increased (p<0.05 or 0.01) the proportions of PUFA (C18:2, 18:3, 20:2, 20:4, 20:5 and 22:6) . In contrast to the previous study (Kim et al., 2004b) , the increased proportion of UFA seemed to be more attributable to the increased proportion of PUFA rather than MUFA. No significant effect of diet was observed in the proportion of MUFA. However, the ratio of MUFA/SFA was increased (p<0.05) due to the reduced proportion of SFA. Proportions of PUFA in the intramuscular fat of steers fed 10 and 15% WFS were increased (p<0.01) by 42.4 and 57.1%, respectively, compared with the control. Both ω-3 and ω-6 PUFA were elevated (p<0.01) by dietary WFS, regardless of the level of WFS. The ratio of ω-6/ω-3 was reduced (p<0.05) due to relatively greater increases in the proportion of ω-3 than those of ω-6 PUFA.
Increased proportions of C18:2 and 18:3 in the intramuscular fat of steers fed WFS probably result from similar changes in the same fatty acids of the serum. Greater proportions of PUFA rather than MUFA may imply that activities of desaturase in this tissue were high, based on the fatty acid compositions of flaxseed and serum. However, the effects of feeding WFS on the fatty acid profile of intramuscular fat are not consistent. The proportion of C18:2 was either increased by 10% ground flaxseed (LaBrune et al., 2008) and by 15% flaxseed oil (Noci et al., 2007) , or decreased by 21.3% bruised WFS (Scollan et al., 2001 ). In the case of C18:3 (ω-3), increased proportion (Scollan et al., 2001; LaBrune et al., 2008) or no change (Noci et al., 2007) were observed. The intramuscular fatty acid composition is affected by several genetic and nutritional factors. Differences in breed, gender, feeding strategy and production system, together with processing method of flaxseed, may be involved. Further study to clarify these factors is required.
The C18:1 was the predominant fatty acid in bovine muscle and adipose tissue, comprising 48% of total fatty acids. Beef flavor has been reported to be positively correlated to C18:1 along with low percentages of SFA and PUFA (Dryden and Marchello, 1970; Larick and Turner, 1990; Mandell et al., 1998; Lee et al., 2003) . Although the proportion of C18:1 was not increased by treatment in this study, the mean value throughout treatments (47.86%) is higher than those (31.0-37.1%) of other western breeds of cattle (Tanaka, 1985; Park and Yoo, 1994) and similar to that (49.4%) of Japanese Black Wagyu cattle (Zembayashi et al., 1995) .
Intramuscular fat is the most important fat depots from a human health point of view because it cannot be removed before consumption. Furthermore, intramuscular fat content (marbling) is currently an important determinant of carcass value for markets in Korea. Because PUFA have the beneficial effects on human health (Williams, 2000) , PUFA proportion in intramuscular fat rather than SFA is considered important. Feeding WFS increased the ratio of PUFA/SFA compared to the control diet in the present study. However, despite the increase in its ratio, values of the ratios (0.15 and 0.17 for 10 and 15% WFA, respectively) are below the recommended level (>0.45; Department of Health, UK, 1994) . Considering that the PUFA/SFA ratio in various type of cattle fed flaxseed is generally less than 0.1 (Raes et al., 2004; Lee et al., 2008) , the ratio in the current study is nonetheless higher than other studies. It has been reported that the fat concentration of muscle has a major influence on the PUFA/SFA ratio because PUFA are mainly present in the phospholipid fraction, which is diluted by the gradual accretion of neutral lipid fraction as animals deposit body fat (Noci et al., 2007) . Scollan et al. (2003) suggested that the amount of intramuscular fat is inversely related to the PUFA/SFA ratio, mainly observed in meat of ruminants.
Besides the beneficial effects of PUFA for human health (Williams, 2000) , ω-3 fatty acids and the ω-6/ω-3 ratio have received much attention for health promoting effects of ω-3 fatty acids (Alexander, 1998; Belch and Muir, 1998; Harbige, 1998 ). In the current study, feeding WFS contributed to a high daily intake of C18:3, regardless of the level of WFS, and increased both the ω-3 and ω-6 fatty acids but decreased the ω-6/ω-3 ratio. The ratio in this study was 9.93, 8.66 and 8.80 for control, 10 and 15% WFS, respectively, but is higher than the recommended level (<5.90; Department of Health, UK, 1994). Generally, the ratio of finishing beef cattle on grazing pasture is less than 2.0, while the ratios of animals fed concentrate ranged from 6.0 to 10.0 (Marmer et al., 1984; Sanũdo el al., 2000 , Scollan et al., 2001 Maddock et al., 2006) .
Overall, dietary WFS induced substantial changes in fatty acid composition of adipose tissues. However, the differences between 10 and 15% WFS were not observed in this study. This may imply that the magnitude of change is similar for 10 and 15% WFS groups.
IMPLICATIONS
Feeding whole flaxseed at 10 and 15% of diets reduced feed intake but improved feed conversion ratio in Korean Hanwoo steers. Dietary whole flaxseed decreased saturated fatty acids and the ratio of ω-6/ω-3 fatty acids and increased PUFA and PUFA/SFA ratio. These changes can be considered beneficial to the health of beef consumers.
